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Abstract 
The grape industry is reliant on water, and the 
future of the Australian viticulture industry could be 
affected by the rising salinity of irrigation water. 
Areas irrigated with recycled waters are especially at 
risk. Management can often ameliorate the adverse 
affects of low quality water, however this may require 
land-use practices that reduce commercial return 
from farming activities. With la!ld application of 
wastewater in agriculture becoming an increasingly 
popular practice, the scientific challenge for 
viticulture will be to identify appropriate management 
strategies for sustainability of soil resources, so that 
, maximum returns are achieved without the operation 
being compromised. 
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Introduction 
In many grape growing regions of Australia, irrigation is a necessary supplement, as 
rainfall provides insufficient water for profitable viticulture [1]. Due to this irrigation 
requirement, lack of water resources in many agricultural regions has prevented 
expansion [2, 3J. Careful scrutiny of all water resources was undertaken in order to 
identify alternative sources of water for agriculture, with appropriately treated 
wastewater being identified as a valuable resource, rather than a waste for disposal [4 J. 
The grape growing region of Great Western, Victoria, Australia, is one example where 
expansion was limited. Creek flow and groundwater supplies are often saline, causing 
growers to rely on limited surface catchments for irrigation [5]. When recycled 
municipal wastewater became available in 1999, the growers grasped the opportunity for 
expanding their commercial operations. As a result, existing vineyard capacity was 
doubled, and premium wine exports increased by $ 20 million AUD [6]. Despite this, 
concerns have been raised by the growers regarding how impacts of the wastewater's 
chemical constituents on the soil can be adequately managed. Of particular concern are 
the threats of salinity, sodicity and the associated risk of soil structural degradation. 
Potential impacts to the vines and fruit quality are also of concern. 
One factor that will have a major influence on the impacts of salinity and sodicity in 
vineyards is the type of row management implemented by individual vineyard managers. 
In vineyards, the vine line and mid row serve different purposes, and are therefore 
managed differently. Drip irrigation allows such techniques as regulated deficit irrigation 
(RDI) and partial root zone drying (PRD) to be implemented, and confines water 
application to the vine line. These irrigation techniques are frequently used in vineyards 
as a means of controlling vine vigor, as stressing the vine at certain growth stages often 
results in fruit of high quality [7]. Compaction of the mid-row by heavy machinery 
restricts the lateral growth of roots, further separating it from the vine row [7]. The 
subsequent vineyard management for soil sustainability under drip irrigated recycled 
effluent, is thus generally confined to the vine line. 
Typical management of vineyard soil resources 
Vineyard row management is tailored specifically to address certain management 
objectives. Vine line management may be applied in vineyards for water conservation, 
to reduce weed growth and the need for herbicide, to increase water holding capacity, to 
prevent surface crusting, as a nutrient source, and to reduce temperature variation. It 
may also be applied to increase organic matter, to improve cation exchange capacity 
(CEC), to reduce erosion, to improve vigor and yields, to increase root growth, to reduce 
frost risk, to recycle winery and vineyard waste products, and to improve soil 
permeability [8, 9J. Soil management options for addressing these objectives include 
herbicide spray out, voluntary weeds (for biodiversity), mulches, composts and inorganic 
amendments. Herbicide spray out is often used in areas with a spring frost risk to reduce 
heat exchange [10]. Mulches used in Australian vine line management include various 
mixtures of composted green organics, straw, composted grape marc, cotton gin trash, 
animal manures, vermicomposts, almond husks, composted wool washings, pelleted 
straw and hay, and shredded and pelleted paper [11, 12, 13]. A review of international 
literature by Biala (2000) [14] did however find the use of composts as mulches unique 
to Australia. 
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Very few vine line management studies have focused on changes in soil chemistry 
and structure with varied management practices, with the m~ority focusing on vine 
growth and yields, vine petiole nutrients, earthworm activity, and soil moisture [11, 12, 
13]. 
Review of potential amendments for the prevention and 
amelioration of structural degradation in vineyard soils 
Amelioration and prevention of salinity, sodicity, and associated structural 
degradation of soils under recycled effluent IrrIgation, requires careful monitoring, 
strategic irrigation, and manipulation of soil chemistry through specific agricultural 
practices. 
Structural degradation of soils is caused predominantly through clay dispersion. The 
degree to which clays hydrate, swell and disperse is greatly influenced by the size of the 
diffuse electric double layer surrounding clay particles [IS}. The size of the double layer 
is dependent upon factors such as soil electrolyte concentration, cation exchange 
capacity, and the composition of cations on the exchange complex. By increasing the 
valence of adsorbed cations (e.g. replace Na+ with Ca2+), and/or solution electrolyte 
concentration, the width of the double layer will be reduced, and coagulation occurs 
[15]. Composition of cations on the exchange complex is important also, as bond types 
influences the degree of clay swelling and dispersion. As a result of bonding, 
flocculation power of cations increases in the order Ca2+ > Mg2+ > K+ > Na+ [IS}. Thus 
when Ca2+ is the dominant exchangeable cation, the clay remains stable [16]. It is also 
why exchangeable sodium percentage is used as a measure of soil structural integrity, 
and why sodicity is such an issue. Potential impacts of clay dispersion are presented as 
Figure 1. 
Important soil properties which may therefore affect dispersibility include the 
amount of clay, clay particle size, mineralogy and surface charge characteristics [2, 17J; 
exchangeable cations, exchangeable sodium percentage (ESP), CEC, electrolyte 
concentration, and pH [15, 17, 18]; presence of dispersing agents such as organic anions, 
and aggregating agents such as organic matter [18]; carbonates of Ca and Mg, and 
(hydr)oxides of Si, Fe and Al [17]; and interactions between these factors. Moisture 
content prior to wetting, and wetting and drying cycles also influence clay dispersibility 
[19]. Whilst manipUlation of clay content and mineralogy are not realistic management 
approaches in the prevention of dispersion, characteristics such as exchangeable cations, 
ESP, CEC, organic matter, and electrolyte concentration can be altered through 
appropriate management [19]. 
Numerous studies have been completed investigating the effects of a range of. 
management approaches in ameliorating dispersion and sodicity. Management strategies 
include various combinations involving the use of gypsum (CaS04.2H20), agricultural 
lime (CaC03), composted manures, organic material, straw and rye-grass. Given the 
importance of clay dispersibility as a soil property, it has been recommended that values 
of dispersible clay be routinely assessed in order to deduce the impact new soil 
management properties are having on soil properties. Due to the limited amount of 
information specific to structural amelioration of vineyard soils, results of studies in 
other cropping and horticultural areas will be examined. A review of literature for use of 
inorganic and organic amendments, and their effect on soil structure appears as Table 1. 
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UNSTABLE SOIL I I • Rapid Wetting 
SWELLING 
Crystalline swelling, (occurs at any EC of soil 
water) (15) 
SLAKING 
Can occur at low ESP, & influenced by Na+, 
Ml"'. Energy, & low EC soil water [15,24] 
DISPERSION 
Can occur at low ESP, & intluenced by Na+. 
Mgz+; Energy, & low EC soil water [15, 24] 
MACROSCOPIC SWELLING 
Increased runoff 
Macroscopic swelling at high ESP due to 
and loss of soil 
break down of clay domains [2, 25] Increased soil strength 
(24) (24) 
Increased t transport of sorbed 
pollutants such as / Reduced permeability pesticides to 
ground and surface V to air and water, 
SURFACE SEAL, CRUSTING & reduced hydraulic waters (26) conductivity [27) HARDSETTING ---.. Decreased movement of 
nutrients and water to 
roots 128) 
Reduced subsoil ~ 
water recharge Water logging of sub-
124} soil [24] 
~ • 
+ traffic I V V ! + cultivation I 
Reduced root growth 
COMPACTION CLODDY Reduced seed 
SURFACES germination [24) 
JJ U 
REDUCED CROP GROWTH 
AND YIELD (24, 211 
Figure 1. Conceptual diagram demonstrating how slaking, dispersion and swelling of clays may 
impact on soil physical properties and crops. 
Structural amelioration of soils using gypsum (CaS04.2H20) 
Gypsum is the most popular compound used in amelioration of sodic and 
structurally degraded soils. Gypsum improves physical structure of soils by reducing 
ESP through the exchange of calcium for sodium on clay colloids, and by increasing the 
concentration of the electrolyte which promotes coagulation of dispersed colloids [20, 
21, 22,23]. Gypsum may be applied to land in one of three ways, (1) spreading over the 
soil surface, (2) incorporating into the soil or (3) dissolving in the leaching water. 
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Table 1. Review of research investigating the effectiveness of ameliorants on soil sodicity and 
dispersive behavior. 
Amendment Location Result Reference 
Composted piggery Wimmera Unstable aggregates (25()..1000 [29] 
. bed litter (20 - 40 tlha) Region, pm) decreased ()"'110 cm depth, 
Victoria, large water stable aggregates 
Australia (WSA) increased. Improved soil 
carbon, decreased ESP (0-10 cm 
depth) by exchange of K for Na +. 
Reduced cone penetrometer 
resistance. Strong residual 
benefits. Positive effects greater 
than for gypsum application @ 2.5 
tlha. 
Composted bovine North- 1 % increase in organic carbon, [301 
manure (up to 109 eastern increase in pH up to 1.5 units, 
tlha) Victoria, increased Mg, Ca, Nand K in 
Australia surface 10 cm (both sites), no 
increase in Na, small significant 
decrease in Na at 40-60 cm. 
Calcium carbonate Mid-north Significant increase in the number [31] 
(agricultural lime South of macropores on soil surface 
applied at 2.0 tlha) Australia, thought to be as a result of 
Australia increased biological activity due to 
increased pH. 
Calcium carbonate Soil pot Reduced ESP of soil, and [22] 
(agricultural lime experiments increased electrolyte concentration. 
applied at 0 - 2.0 % Did not improve the soil physical 
w/w) condition. 
Calcium carbonate (0 Peak Hill, Lime at 5 flha significantly [32] 
- 5 tlha) New South increased pH and exchangeable Ca 
Wales, and reduced ESP. No significant 
Australia reduction in exchangeable Na for 
50-100 mm depth. Reduced 
dispersion relative to the control to 
levels similar to gypsum. More 
efficient than gypsum at maintaining 
soil electrolyte concentration and 
improving the physical and 
hydraulic properties in the fong 
tenn. 
Gypsum (3.4 tlhalyr) Mid-north Increased electrolyte concentration [31J 
South and decreased mechanically 
Australia, dispersible clay. No significant 
Australia increases in macroaggregation. 
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Table 1. Continued. 
Amendment Location Result Reference 
Gypsum (O -15 Uha) Northern ESP significantly reduced in 0-10 [20] 
Victoria, cm layer for applications ~ 5 t/ha. 
Australia Exchangeable Mg (MgeJ not 
decreased significantly at > 15 cm. 
Efficiency of exchange between Ca 
and Na 26-34%. 
Gypsum (5 -10 tlha) Riverina, Gypsum response of soils [33} 
New South measured through seedling 
Wales, emergence and penetrometer 
Australia resistance. Response to gypsum 
differed significantly between soils. 
Signifkantimprovementm 
hydraulic conductivity for a/l but a 
few soils. Dispersibility most 
appropriate measure of gypsum 
response in soils. 
Gypsum (12.5 tlha) Riverina, Increase of electrofyte [34J 
New South concentration and hydraulic 
Wales, conductivity of the soil. 40-50 % of 
Australia calcium could be accounted for by 
increased exchangeable Ca (CaeJ 
in top 30-40 cm. Increase of Caex 
in upper layer by 10 %. Loss of 
Caex and soluble Ca (CasoJ at 
depths 60-90 em. 
Gypsum {7.S tlha} 16 sites in Increased electrolyte concentration [21] 
northern and decreased disperSion. 
Victoria, Increased hydraufic conductivity. 
Australia Strong negative linear relationship 
between dispersion and hydraulic 
conductivity. 
Gypsum (0 - 2.0 % Soil pot 0.2 % wlv SuffiCiently lowered ESP [22] 
w/w) experiment and raised electrolyte 
concentration, promoting 
coagulation. Regular additions 
over time recommended to counter 
reduction in electrolyte 
concentration. Mgex reduced. 
Gypsum (O and 10 Soil dispersion, penetrometer [35] 
tlha) resistance, and bulk density 
reduced. Available water holding 
capacity significantly higher than 
for no gypsum plots. 
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Table 1. Continued. 
Amendment Location Result Reference 
Gypsum (0 M 5 Peak Hill, At 5 tlhB EC and Gaex significantly [321 
tlha) New South increased, and pH(1:6soiliWatetj significantly 
Wales, decreased. ESP and pH(CaCI2) reduced, 
Australia however not significantly. Significant 
reduction in exchangeable Na (NaeJ for 
50-100 mm depth. Soluble Na (NasoJ 
reduced significantly (up to 50%) for 5 
tlha and 2.5 t/ha. 
Gypsum (12 Goulburn Soil EC increased 36% to 500 mm by [231 
tlha) Valley, 15 months after application. 
Victoria, Spontaneous dispersion decreased to 
Australia 500 mm. ESP decreased by at least 
26% to depth of 500 mm 40 months after 
application. Reduced dispersion relative 
to control. 
Effectiveness of Soil column Most effective method of applying water [36] 
same volume of experiment to improve hydraulic conductivity and 
irrigation water ESP (for a given volume of water and 
applied to gypsum application) is to apply the water 
gypsum treated in gradually increasing amounts. 
soil in 
decreasing, 
increasing or 
equal amounts 
Consecutive Soil column Maximum hydraulic conductivity [37] 
applications of experiment achieved at consecutive applications of 
gypsum gypsum at decreasing quantities, as 
dissolved in compared to equal and increasing 
leaching water quantities. 
Rye grass seed Goulburn Lower spontaneous dispersion than for [23J 
(30 - 40 kg/ha) Valley, wheat straw treatments possibly due to 
Victoria, stabilising effect of the roots and 
Australia associated fungal hyphae. 
Wheat straw (0 - Mid-north Water stable aggregation increased with [31J 
10 tlha/yr) South increasing application rate. High rates of 
Australia, wheat straw increased dispersion in OM 10 
Australia em. 
Calcium Mid-north Macroaggregate stability (>250 pm [31] 
carbonate (2 South diameter) increased, bulk density 
Uha/yr) and Australia, decreased to a greater degree than for 
wheat straw (0 M Australia either treatment alone. 
10 tlhalyr) 
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Table 1. Continued. 
Amendment Location Result Reference 
Calcium Peak Hill, Naex reduced significantly for 50-100 mm [32] 
carbonate and New South depth. Lime and gypsum treatments gave 
gypsum (1 t/ha Wales, the largest and most consistent reduction 
and 1 t/ha Australia in dispersion as compared to gypsum or 
respectively, or lime on their own. More efficient at 
2.5 t/ha and 1 maintaining soil electrolyte levels and 
t/ha) improving physical and hydraulic 
properties in the fang term than gypsum 
alone, 
Gypsum and Mid-north Combination of gypsum and wheat straw [31] 
wheat straw South caused a small increase in dispersibility 
Australia, compared to what was observed for 
Australia gypsum alone. 
Gypsum (12 Goulburn Decreased EC by 52% at 200 - 300 mm [23J 
t/ha) and wheat Valley, depth. Water soluble pius exchangeable 
straw (15 t/ha) Victoria, ca and Mg and total cations unaffected. 
Australia Spontaneous dispersion at 0-100 mm 
depth greater than for rye-grass 
treatments. 
Rye-grass Goulburn Greater depth of soil maintained at 1 [23] 
seed (30 - 40 Valley, MPa penetration resistance and increased 
kg/ha) and Victoria, hydraulic conductivity as compared to 
gypsum (12 Australia treatments with gypsum only and gypsum 
t/ha) and wheat straw. 
Residual soil Two Wells, Easily dispersed clay contained a high [16] 
organic matter South proportion of amino acids or proteins. 
Australia, and Difficult to disperse clay contained a high 
Kyabram, proportion of aliphatic material in the top 
Victoria, soil, and carbohydrate in the sub-soil. 
Australia DispersibiJity found to be a function of 
particle size, GEC and selectivity for 
cations, and the amount and type of 
organic matter contained. 
The response of soils to gypsum is dependent upon soil type, and although 
significant differences exist between the responses, the majority of soils respond 
positively to the amendment [34]. 
Factors which influence the effectiveness of gypsum applied to land include gypsum 
solubility, solute and water movement, soil texture, the Na -Ca exchange constant, the 
exchangeable Na+ fraction, CEC, and the displacement of exchange and dissolution 
products [20, 38]. Solubility of gypsum is dependent upon soil solution composition, 
which varies during the reclamation process due to exchange of Ca2+ with Na + [38]. 
Australian studies have found that gypsum solubility is between 765 - 828 mg/L, and 
that between 120 - 130 nun of rainfall is required to leach 1 tlha of gypsum from the top 
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100 mm soil [20, 32]. Problems may arise in locations of low rainfall under drip 
irrigation, as insufficient water may be available to dissolve and to leach the gypsum. 
Studies by Sabin et al. (2002) [36] have however identified that for a particular volume 
of irrigation water, hydraulic conductivity of soil treated with gypsum (applied to the 
surface) is most effectively ameliorated by applying water in gradually increasing 
amounts, as apposed to equal amounts or gradually decreasing amounts. 
Soil texture may also be problematic for amelioration of soils using gypsum. The 
majority of exchange is likely to be occurring on the outside of ped, and in structurally 
degraded soils with heavy clay B-horizons, the massive structure prevents infiltration of 
water and dissolved Ca [20]. This effectively limits amelioration of soils structurally 
degraded to a too great extent. 
Disadvantages of the use of gypsum applied direct to the land include the efficiency 
of exchange, and that excess gypsum must be added in order to shift the equilibrium 
between gypsum, exchangeable sodium and exchangeable magnesium, towards 
exchanging Ca2+ to the desired depth [20]. Efficiency of exchange has been reported to 
be in the range of 40 -53 % for two Australian studies, and of this, the ratio of sodium 
replaced to calcium dissolved was only 20-40% [20, 34, 35]. Exchange efficiency is 
however variable between soils and with depth, as the extent of reclamation for a given 
amount of water increases with increasing gypsum solubility, and with decreasing cation 
exchange capacity [38]. 
The application of gypsum in leaching water is more efficient than spreading over 
the land, as maximum solubility is assured without loss of gypsum through cracks in the 
soil surface [39]. There are three methods of applying gypsum in leaching water, (1) 
sprinkling, (2) intermittent ponding, and (3) continuous ponding [37J. Intermittent 
pan ding has been found to reduce the water requirement for leaching, however removes 
salts more slowly than continuous ponding due to time requirement for leaching. 
Research of Sahin et ai. (2003) [37] into leaching of gypsum by the intermittent ponding 
method, found that maximum hydraulic conductivity was achieved for soil columns by 
treating with consecutive applications of gypsum in decreasing quantities (1.910 + 1.273 
+ 0.637 Mg.ha,l), as opposed to equal quantities (1.273 + 1.273 +1.273 Mg.ha'\ or 
increasing quantities (0.673 + 1.273 + 1.910 Mg.ha,l). Although this has yet to be tested 
in the field, it suggests that sodic soil reclamation can be achieved in stages, with 
decreasing applications of gypsum over time improving soil hydraulic conductivity to a 
greater extent than equal applications or increasing applications. 
Despite the effectiveness of gypsum in the reclamation of sodic soils, there are 
adverse impacts which arise as a result of the practice. Sodium displaced from the 
surface layers is leached down the profile resulting in increased ESP at depth [20, 34, 
38]. Amelioration by gypsum is also limited to the depth at which it is applied until 
reclamation approaches completion, before occurring at greater depths [38]. 
Soil properties improved by gypsum include reduced soil dispersion and 
penetrometer resistance, increased hydraulic conductivity, and increased available water 
holding capacity [21, 22, 23, 31, 33, 34, 35]. Regular additions of gypsum are 
recommended over time to maintain the electrolyte concentration [22]. Failure to do so 
may result in electrolyte concentrations lower than untreated areas, as the improved 
hydraulic conductivity of gypsum ameliorated soil allows leaching of salts to occur more 
readily, thus reducing electrolyte concentration and promoting dispersion [32, 35]. 
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Combining gypsum with wheat straw was found to be ineffective as decomposition 
of straw resulted in Ca2+ ions from the gypsum being complexed by the products of 
organic matter decomposition [31]. 
Structural amelioration of soils using calcium carbonate (CaC03) 
Little attention has been paid to the potential benefits of lime, most likely due to the 
fact lime has traditionally been used to ameliorate acidity problems, and isn't generally 
applied to soils of neutral pH [32]. 
Lime is less readily dissolved that gypsum (estimated theoretical solubility of 15 
mg/l [32]), with its solubility dependent upon soil solution composition, irrigation water 
alkalinity and Ca content, exchangeable cation composition, and the partial pressure of 
CO2 [38, 40]. Although amounts of dispersible clay are significantly reduced by lime 
application [31], conflicting results have been observed for its effectiveness in 
comparison to gypsum. Baldock et at. (1994) [31] found gypsum decreased dispersion 
to a far greater degree than lime, however Valzano et al. (2001) [32] found that lime 
decreased dispersion to a similar degree as gypsum. A possible explanation for the 
results of Baldock et al. (1994) [31] are that gypsum was applied at a higher rate than 
lime (3.4 tlhalyr and 2.0 tlhalyr respectively). 
Decreases in ESP and electrolyte concentration have also been observed, however 
results for structural amelioration have been variable. Baldock et al. (1994) [31] found 
increased macroporosity due to increased earthwork activity in limed plots, higher bulk 
densities, significantly lower dispersibility, and lower total porosity, whilst Valzano et 
at. (2001) [32] found decreased penetrometer resistance (indicates lower bulk density), 
increased hydraulic conductivity and no significant increase in available water content. 
Shanmuganathan and Oades (1983) [22] found no improvement of soil physical 
condition under lime, although there were indications a beneficial effect may occur over 
a prolonged period. 
Exchange mechanisms have been found to vary between gypsum and lime. In plots 
treated with gypsum, significant decreases in exchangeable and soluble N a are observed as 
the calcium provided by gypsum, replaces exchangeable magnesium or sodium [22, 32]. 
In the case of lime, no significant reduction in exchangeable sodium or magnesium has be 
seen to occur, however the increase in pH can result in increased effective CEC, allowing 
more Ca2+ onto exchange sites, without replacing exchangeable Na + or Mg2+ [32] 
Synergistic effects have however been observed through the combination of lime 
with wheat straw and with gypsum. Baldock et at. (1994) [31] observed that by applying 
straw and lime together, macro aggregate stability was increased to a greater degree than 
for either treatment alone. Valzano et al. (2001) [32} found that lime and gypsum 
worked well together to prevent dispersion and enhance soil physical properties. A 
mechanism controlling this combined effect was proposed, proposing the slight 
acidifying effect of gypsum increased the dissolution of lime [32]. The mechanism will 
not be discussed here, however it will be stressed that the authors believe for this effect 
to be apparent, initial soil pH must be lower than 7.5. 
Structural amelioration of soils using organic matter 
The quantity and type of organic matter is important in determining the effect of 
organic matter on soil properties, with dispersibility found to be related to the nature and 
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quantity of organic matter [16J. Thus organic matter may either prevent, or enhance clay 
dispersion is soils. 
Organic matter may be added as composts, mulches, crop residues, litter, large and 
fine roots, animal manure, exudates, or other materials, and redistributed through 
methods such as tillage, or through biological means such as earthworms [23, 29, 30, 31, 
35,41,42]. The role organic matter plays in structural amelioration is also dependent on 
the way in which the organic matter is distributed in the soil [42]. 
Nelson et al. (1999) [16] found that difficult to disperse clay and non-dispersed clay 
in top soils has smaller particle size, and larger CEC than easily dispersed clays. Organic 
matter has high CEC and can thus enhance structural stability [19]. Increased CEC 
which has arisen as the result of incorporating burn residues into the soil, has however 
been proven to be of no benefit in the generation of soil structural stability [41]. 
Organic materials that have been found to be present in high proportions in difficult 
to disperse clays are aliphatic materials in the topsoil, and carbohydrates in the subsoil 
[ 19]. The binding agents produced by carbohydrate polysaccharide gels are classified as 
being transient [43]. Mycorrhizal fungi and bacteria associated with plant roots are 
presumed to link particles together through acidic polysaccharide gel, and are important 
in macroaggregation of soils (diameter> 250 ~m) [41, 43J. Roots and hyphae also 
stabilise soil, producing bonds which are classified as being temporary [43]. Temporary 
bonds are influenced greatly by management, as management influences both the growth 
of plant roots, and the oxidation of carbon. 
Plant roots and debris are surrounded by microorganisms which metabolise the more 
decomposable cells (and mucilages) produced by plant roots, and in turn produce various 
mucilages and organic compounds of their own, thus resulting in the root being a core 
for stable aggregates [42]. Fungal mycorrhiza associated with plant roots also act to 
increase the number of large pores. The mycorrhiza produce mycelial strands consisting 
of several attached hyphae (2 - 8 ~m in diameter), which invade the adjoining soil. The 
hyphae exude a gel which helps to bond silt size particles as they are pushed aside during 
hyphae elongation and multiplication [41]. It has been suggested by Emerson and 
McGarry (2003) [41] that as roots elongate, large pores are created as soil attached to the 
hyphae is moved. 
Persistent bonds are classified as being those consisting of resistant aromatic 
components associated with polyvalent metal cations, and strongly sorbed polymers 
[43]. This polyanionic colloidal material, often referred to as humic substances, includes 
plant remains and microbial products, which are persistent due to their association with 
inorganic minerals, and to their chemical recalcitrance. As summarised by Ahmed et al. 
(2002) [44], the types of bonding which occur between clay colloids and humic 
substances are highly dependent upon clay mineralogy, and include linkage through 
exchangeable cations (montmorillonite, illite, kaolinite, boehmite, geothite and haematite 
complexes), direct bonding of humic acid to exposed crystal edges (not significant in 
illite and kaolinite), coordinate bond formation with the crystal (gibbsite, absent in 
boehmite), cation bridging and surface coordination (geothite and hematite), and 
bonding to clay by amino acids or proteins. 
Amino acids and proteins have been found to be present in high proportions in 
readily dispersible clays, suggesting these compounds act as dispersing agents. Nelson 
et al. (1999) [16] suggested that the amphoteric nature of amino acids may allow them to 
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bind to and increase the negative charge of clay particles, and complex Ca2+, thus 
decreasing its activity in solution. Nelson and Oades' (1998) [42] summarised that 
organic anions increase dispersion in soils, with their dispersing power increasing with 
charge density, and with the increasing number, and decreasing distance between 
carboxyl groups. This effect is enhanced at high ESP, at high pH (especially in variably 
charged soils), and in the presence of exchangeable Mg. 
Structural amelioration of soils using composted manures 
The application of compos ted bovine manures to soils has been found by Slattery et 
al. (2002) [30J to result in increased soil organic carbon, increased pH, increased 
magnesium, calcium, nitrogen and potassium in the surface 10 cm, no increase in sodium 
at the surface, and significantly decreased sodium content in the 40 -80 cm layer of soiL 
Similarly, research on composted piggery bed litter as an amendment, has found that it 
increases soil organic carbon, decreases ESP (due to exchange of K+ for Na+), reduces 
cone penetrometer resistance, and decreases unstable aggregates [29}. The reduction of 
Na+ for the composted bovine manure treatment has been attributed to Na complexing 
with soluble organic compounds, migrating down through the profile [30]. 
Despite the benefits to soil chemistry and structure observed under composted 
manures, risks do exist in the high concentrations of available nitrogen, potassium, and to a 
lesser extent phosphorus, which are present in large applications of manures [30]. Over 
applying manure can result in declining soil structure through increased ESP, phosphorus 
contamination of waterways, and accelerated acidification through leaching of nitrates 
[30]. Exchanging K+ for Na+ is also a less than ideal improvement for structural properties, 
as K+ has a low coagulation value when compared with Ca2+ [18], however it has been 
associated with decreasing mechanical dispersion in soils [18, 23, 31]. 
Structural amelioration of soils using wheat straw 
Wheat straw application has been found to increase the amount of water stable 
aggregation in the top 10 em of the soil profile, with aggregation increasing with 
increasing straw application [31]. Wheat straw application was also found by Baldock et 
al. (1994) [31] to significantly increase total carbon content and the water-stable 
macroaggregates, to increase K+ concentration, the volume of pores > 300 11m, clay 
dispersion and saturated hydraulic conductivity of the surface soil, and to decrease soil 
EC, bulk density (with higher applications), the volume of pores in the 300 -120 and 30 -
60 !lm size class, water-stable microaggregates, and saturated conductivity at > 20 cm 
depth. Wheaton et al. (2002) [23] also found increased dispersion, which they attributed 
to the influence of organic ions from the decomposing straw, and increased 
concentrations of K+. The decrease in EC under wheat straw has been attributed to 
calcium binding with decomposing organic matter, thus forming calcium - _ organic 
complexes, and preventing the leaching or exchange of ions [31]. 
Although wheat straw does have its positive points, an amendment which decreases 
electrolyte concentration, and increases dispersion, is clearly not ideal for the 
amelioration of structurally degraded soils. 
Structural amelioration of soils using rye~grass 
Wheaton et al. (2002) [23] found that rye-grass decreased spontaneous dispersion 
and increased the depth to 1 MPa penetration resistance. They attributed this to an 
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association between the rye-grass roots and fungal hyphae, which they believe stabilised 
macro-aggregates, and decreased the surface area form which dispersion may occur. 
Disadvantages of rye-grass in viticulture include competition with the vines for water 
and nutrients. 
Advantages and disadvantages of the usage of soil 
amendments in vineyards 
Many of the amendments reviewed in the previous section are used in vineyard soil 
management. Care must however be taken when choosing amendments, as 
disadvantages may possibly outweigh benefits. A discussion of potential advantages and 
disadvantages of soil amendment usage in viticulture are discussed below. 
Mulches composed of combinations of composted green organics and 
other waste streams 
Mulches have wide spread usage in Australian vineyards, and have been found to be 
of benefit where water supplies are limited or of low quality [9]. The bioavailability of 
heavy metals in soil has also been known to be decreased by organic amendments such 
as mature composts, which contain a high proportion of humified organic matter [45]. 
Risks must however be weighed up against the potential benefits before any decision 
regarding mulch usage are made. 
Mulches composed of garden organics are typically low in nitrogen, however 
contain appreciable amounts of calcium and to a lesser extent, potassium [46]. Research 
has shown that nitrogen in composts becomes available slowly over time (10-15 %/yr) , 
however potassium availability is in the order of 80-100 % in the first year [46]. Care 
must thus be taken when considering application rates. High concentrations of soil K 
can result in magnesium deficiency in the grapevines, and raise the pH of the wine 
resulting in stuck fermentations [11, 46, 47]. Nitrogen deficiency in the vines due to 
mineralisation of organic matter may also eventuate should a C:N ratio of <20: 1 not be 
maintained [46]. 
Although limited research has been conducted on the potential benefits of mulches 
as ameliorants for structural stability in vineyards, it is know that mulches composed of 
various combinations of compos ted waste streams have been shown to increase pH by > 
0.5 pH units, increase organic matter, increase Ca , Mg, and CEC, greatly increase soil 
K, slightly increases Na [8]. Grapevine root tips were also found to have a significantly 
higher percentage of area colonized by mycorrhizal fungi compared to the no mulch 
control (93.0% mulch, 59.3% no mUlch) [8]. 
Mulches composed of combinations' of composted waste products (e.g. green waste, 
marc, vine prunings, forestry bark, animal manure, mussel shells) have been shown to 
improve leaf colour, delay leaf fall, and help reduce irrigation inputs by 20-30 % [8]. 
Mulches have been shown to retain water, and to provide the opportunity to delay the 
onset of irrigation [8]. Caution must also be taken when using grape prunings, as these 
have been considered a source of inoculum for botrytis bunch rot, which tends to be the 
most important disease grape growers face during an average year [8]. 
Grape skins are also known to contain high concentrations of potassium, and care 
should be taken when considering marc as a soil improver [13]. Despite this, composted 
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grape marc has been shown to reduce water use, to improve vine growth and yields, and 
to reduce the build up of marc at the winery [12]. Marc must however be adequately 
processed, and care must be taken with application rate to avoid toxicity. 
Straw 
A review by Lange (2003) [12] found that straw is relatively inexpensive yet 
improves grape yields, plant strength, and weed control. Pelleted wheat straw has also 
been observed to improve root depth through reduced soil strength. There are however 
risks involved with the of use straw in vineyards including risk of.fire, increased risk of 
nitrogen draw down, increased risk of frost damage, and the risk of the straw being a 
haven to pests [12]. 
Typical management of vineyard irrigation 
Control of salinity is often implemented through irrigation management, with 
leaching regarded as the key to salinity control. Where RDI or PRD is used for either 
the purpose of decreasing vegetative vigor, or water use efficiency, it is especially 
important that specific management strategies are implemented. 
RDI is the established irrigation practice for half the area planted to red wine 
varieties in Australia [48]. It involves manipulating irrigation to maintain parts of the 
seasonal cycle of plant development within prescribed limits of a deficit with respect to 
water potential. A water deficit is maintained during the post-set period of berry 
development and veraison, with the objectives being to reduce shoot growth, reduce 
berry size, and achieve fruit quality attributes related to alcoholic fermentation and other 
sensory qualities [47, 48]. Vineyard water savings under deficit irrigation have been 
observed in an Australian study to be approximately 30% [48J. 
PRD is the practice of using irrigation to alternately wet and dry at least two 
spatially prescribed areas of the vine's root system. The drought stressed side of the root 
system produces a physiological response which restricts shoot extension and reduces 
water loss through stomatal closure, whilst the watered side ensures the plant remains 
turgid [48,49]. Improvements in water use efficiency under PRD have been reported for 
Australian studies as being between 55% and 90%, with no decline in fruit quality [48}. 
The theory behind RDI and PRD differs significantly, however the ultimate 
outcomes are similar in that water use efficiency for crop production is greatly increased, 
and the potential for solute build up in the soil is greatly enhanced. Strategic 
management of these types of irrigation includes the careful monitoring of soil salinity, 
and the implementation of strategic leaching irrigations (e.g. every 5-7 irrigations) [50]. 
Following deficit irrigation, about double the volume of a regular irrigation will be 
necessary to fully restore the profile's moisture, with most soil types being difficult to 
wet [48]. 
RDI and PRD may be beneficial in that they reduce the volume of drainage and 
applied salts, however in the absence of adequate management, the detrimental effects 
on productivity, generally outweigh any benefits [50]. 
Conclusions 
Management can often ameliorate the adverse affects of low quality irrigation water, 
however this may require land-use practices that reduce commercial return from farming 
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activities. Certain management techniques may be ineffective in the structural 
amelioration of a particular soil type, or may have an adverse impact on vine nutrition or 
berry quality. It is important therefore that management approaches be trialed adequately 
prior to wide scale implementation, to ensure that maximum returns are achieved 
without the operation being compromised. 
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